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+RZHYHU WKHUH¶V QR FRUUHVSRQGLQJ UHGXFHU EHQGV VWUHQJWK GHVLJQ VWDQGDUG VR WKDW LW FDQ RQO\ EH YHULILHG E\
LQWHUQDOSUHVVXUHWHVWRIWKHWHVWVDPSOHDQGWKHUH¶VDOVRVRPHDQDO\VLVVKRZVWKDWWKHSLSHVSRRQXVHGWRWKHFORVLQJ
HQGRIWKHSLSHFRPSRQHQWLQVWDQGDUGVSHFLILHGWHVWLQJLVWRRVKRUWDWWLPHVDQGLWSOD\VDVWUHQJWKHQLQJUROHLQWKH
SUHVVXUH UHVLVWDQFH FDSDELOLW\ WKHUHIRUH WKHUH¶V VRPH XQFHUWDLQW\ RI WKLV WHVWLQJ PHWKRG 7KH PLQLPXP ZDOO
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5HGXFHUEHQGVLQWHUQDOSUHVVXUHDQDO\VLV
2.1. Parameter of the reducer bend 
)RUFRQYHQLHQWFRPSDULVRQWHVWLQJREMHFWLVWDNHQWREHWKHDFFRUGDQFHRIVWUHVVDQDO\VLVIRUWKHUHGXFHUEHQGV
XQGHULQWHUQDOSUHVVXUHEDVLFSDUDPHWHURIWKHWHVWLQJVDPSOHVHHWDEOH%DVHGRQWKHVLPLODUWHVWVDPSOHVWUHQJWK
PDWHULDO VWUHQJWK RI VWHHO  LV FRQYHUVHG DFFRUGLQJ WR WKH H[SHULHQFHG IRUPXODV +%|bV 03D LQ &KLQD













































I îI î          
2.2. Stress analytic formula under internal pressure 
7KHDXWKRU LQ>@SURSRVHGFLUFXPIHUHQWLDO VWUHVV IRUPXODRI WKHUHGXFHUEHQGVZLWKRXWPRPHQWXQGHU LQWHUQDO





































































P   
0HDQZKLOH LW LV SRLQWHG RXW WKDW IRU QRUPDO VWDQGDUG UHGXFHU HOERZ DQG WKLFN ZDOO UHGXFHU EHQGV WKH HUURU









   
DQG IRUPXOD  KDYH WKH VLPLODU VWUXFWXUH IRUP DQG LQIOXHQFHG IDFWRUV +HUH 3 LQGLFDWHV GHVLJQ SUHVVXUH
oD LQGLFDWHVH[WHUQDOUDGLXVDQG nt  LQGLFDWHVEHQGZDOOWKLFNQHVV
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'UDZD VWUHVVGLVWULEXWLRQ FXUYHRI WKH WHVWLQJYDOXH DQG WKHYDOXHE\ FDOFXODWLQJ IRUPXOD  WR  DQG WKHQ
PDNHDFRPSDULVRQ
2.3. Strength calculation under inner pressure 
6WUHQJWKFDOFXODWLRQIRUPXOD%DVHGRQWKHFXUUHQWH[LVWLQJDQDO\VLVORQJLWXGLQDOVWUHVVLVWKHPD[LPXPVWUHVV
RIWKHURXQGFURVVVHFWLRQDQGORQJLWXGLQDOVWUHVVLQWKHLQQHULQWUDGRVI  RQWKHODUJHHQGRIUHGXFHUHOERZLV
PD[LPXP ZKLFK LV WKH NH\ RI GHWHUULQJ VWUHQJWK RI WKH UHGXFHU HOERZ ,W LV D OLWWOH ULVN\ WR HPSOR\ irr  | 
WKHRUHWLFDOO\ PRUH WKDQ  LV WKLQ ZDOO LQ UHGXFHU HOERZ VWDQGDUG HUURU IURP WKLV UHSODFLQJ LV XVXDOO\ 














































MV   
,IIRUPXODFRQYHUVLRQLVH[SUHVVHGLQH[WHUQDOUDGLXVZLWKFRQVLGHUDWLRQRIZDOOWKLFNQHVVDGGLWLRQDODPRXQW









,Q IRUPXOD 3 LV WKHGHVLJQ LQWHUQDO SUHVVXUH oD LV WKH SLSH2'6( LV WKHPD[LPXPDOORZDEOH VWUHVV LQ
PDWHULDOGXHWRLQWHUQDOSUHVVXUHDQGMRLQWHIILFLHQF\DWWKHGHVLJQWHPSHUDWXUHSVL03Dˈ<LVWKHFRHIILFLHQWOHVV
WKDQ LQ WKHLQWUDGRVDUHD,˚ˈLQ WKHH[WUDGRVDUHD,˘ˈLQ WKHFHQWHUOLQH,  mt  LV WKHUHTXLUHGPLQLPXP
ZDOO WKLFNQHVV $ LV WKH UHTXLUHG DGGLWLRQDO VXUSOXV ZDOO WKLFNQHVV FRQVLGHULQJ IDFWRUV RI WKH SLSH FRPSRQHQWV
PDFKLQHRUPHGLXPFRUURVLRQ  
([DPSOHRIFDOFXODWLRQ%ULQJSDUDPHWHUVRIWKHDERYHFDVHLQWRIRUPXODDPRQJZKLFKDOORZDEOHVWUHVV
VKDOO EH 03D DV SHU *% DW WKH WHPSHUDWXUH RI ćˈWKH ZHOGV VKDOO EH IXOO  SHQHWUDWLRQ











 (QJLQHHULQJ VROXWLRQ 5HJDUGLQJ WR UHGXFHU EHQGV IDEULFDWLRQ WHFKQRORJ\ WKHUH DUH  NLQGV IRUPLQJ
WHFKQRORJ\WKHVWRQHWKDWFDQEHDSSOLFDEOHWRVWUDLJKWSLSHZLWKVPDOOHUUHGXFLQJGHJUHHDQGKRWEHVSRNHSXOOHG
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E\RQHVWHSWKHQGRQHWKDWFDQEHDSSOLFDEOHWRODUJHUUHGXFLQJGHJUHHSLSHEHVSRNHSXOOHGVWHSE\VWHSWKHUG
RQH WKDW FDQEH DSSOLFDEOH WR DVVHPEO\ZHOGLQJE\KDOI SUHVVLQJ LQ ORZHUZRUN FRQGLWLRQ WKHWKRQH LV WKHKRW
EHVSRNHSXOO PHWKRG RI HFFHQWULFDOO\ UHGXFHU EHQGV DV WKH SLSH EODQNHW WKH WK RQH LV WKH FRPELQDWLRQ RI KRW
EHVSRNHDQGDVVHPEO\ZHOGLQJDQGWKHWKRQHLV'SULQWLQJPHWKRG%XWQRPDWWHUZKDWSURGXFWVRIZKLFKPHWKRG
WKHUH¶VQRFRUUHVSRQGLQJVWUHQJWKGHVLJQVWDQGDUGWLOOQRZ8VXDOO\ORQJLWXGLQDOZHOGVDUHQRWSHUPLWWHGWRH[LVWLQ
HOERZV RU UHGXFHU EHQGV LQ FKHPLFDO DQG LQGXVWULDO SODQW VWUHQJWK RI WKH UHGXFHU EHQGV IRUPHG E\ HOHFWULF DUF
DGGLWLRQDOPDQXIDFWXUHSULQWLQJFDQQRWPHHWUHTXLUHPHQWVRIWKHHQJLQHHULQJEXWWKHFRVWRIKRWEHVSRNHSXOOHGWR
EODQNE\PRGHO LVPXFKKLJKHU&XUUHQWO\RQHDSSOLFDEOHPHWKRG LV WKDWEODQN LVKRWSUHVVHG WREHHOERZE\ WKH
WUDGLWLRQDOPDWXUH WHFKQRORJ\ ILUVWO\ WKHQRSHQ DQDUURZDQG ORQJGRYHWDLO JURRYH LQ WKH H[WUDGRV DW RQH HQGRI
HOERZUHPRYHSDUWRIWKHZDOO WKLFNQHVVVHHILJDQGWKHQKRWSUHVVHGIRUVHFRQGWLPHWRFORVHGRYHWDLOJURRYH
RSHQHG DQG DW ODVW ZHOG WKH RSHQLQJ $ NLQG RI KDOI VHDPOHVV DQG KDOI VHDPLQJ FRPELQDWLRQ VWUXFWXUH FDQ EH





SUHVVXUH PRPHQW DQG WRUTXH DW WKH VDPH WLPH 8QGHU GLIIHUHQW ORDGV WKH PD[LPXP VWUHVV WKDW GHWHUPLQHV WKH















3.1. Test plan 
6SHFLILFGLPHQVLRQDQGDFWXDOPHDVXUHPHQWKDUGQHVVYDOXHVRIWKHWHVWVDPSOHVDUHVKRZQLQWDEOH8OWUDVRQLF
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3.2. Test results analysis 
 7HVW UHVXOWV 7KH UHVXOWV RI VWUDLQ WHVW DUH FRQYHUWHG LQWR VWUHVV E\ IRUPXOD  DQG  DIWHU WKDW VWUHVV














































































$FWXDO PHDVXUHG VWUHVV DQG VWUHVV DQDO\VLV QR PDWWHU ZKHWKHU LW LV ORQJLWXGLQDO RU FLUFXPIHUHQWLDO VWUHVV
DQDO\WLFDOYDOXHVDUHDSSDUHQWO\WRWLPHVKLJKHUWKDQWKDWRIDFWXDOPHDVXUHGVWUHVVZKLFKVKRZVWKDWDQDO\WLFDO
VWUHVVYDOXHVLVREYLRXVFRQVHUYDWLYH
3.3. Errors analysiss 
7KHDQDO\VLVVKRZVWKDWH[FHSWWKHXQFOHDUUHDVRQWKHDERYHHUURUVDUHPDLQO\DIIHFWHGE\WKHIROORZLQJDVSHFWV
 ,W LV DVVXPHG WKDW VWUHVVRI SLSH FRPSRQHQWV GXULQJ VWUHVV DQDO\VLV LQIHUULQJSURFHVV LV WKH WKLQPHPEUDQH
VWUHVVZLWKRXWPRPHQWEXWDFWXDOO\UHGXFHUSLSHWHVWVDPSOHLVZLWKDWKLFNZDOOVWUXFWXUH  6RPHVFKRODUVIRXQG











/RQJLWXGLQDO EHQGLQJ PRPHQW FRPHV IURP DUHD GLIIHUHQFH RI SUHVVXUH EHWZHHQ H[WUDGRV DQG LQWUDGRV RI WKH
QHXWUDO OLQHRQRQHKDQG>@RQ WKHRWKHUKDQG LWFRPHV IURPDUHDGLIIHUHQFHSUHVVXUHRI ODUJHHQGDQGVPDOOHQG
VHFWLRQ$FWXDOO\UHGXFHUEHQGLVEHORQJLQJWRQHLWKHUWKHWKLQZDOOVWUXFWXUHQRUWKHURWDWHGVKHOORID[LDOV\PPHWU\
EXW D NLQG RI K\SHUERORLGDO VKHOOZLWK PDLQ FXUYDWXUHV FKDQJHG JUDGXDOO\0RPHQW RI WKH VKHOO XQGHU LQWHUQDO
SUHVVXUH FDQ QRW EH LJQRUHGˈEXW LWV PDWKHPDWLF FDOFXODWLRQ LV H[WUHPHO\ FRPSOLFDWHG 7KHUHIRUH LW LV QRW
DSSURSULDWH WR DQDO\]H VXFKNLQGRI UHGXFHUEHQGVE\ WKH WKLQPHPEUDQH WKHRU\ LQ WKLQZDOO DQG D[LDO V\PPHWU\
VWUXFWXUH
$FFRUGLQJWRUHVXOWLQWDEOHFURVVVHFWLRQURXQGQHVVRIUHGXFLQJEHQGSLSHWHVWSLHFHLVXSWRWKHUH¶V
RQO\ URXQGQHVV WROHUDQFH IRU HQG RI SLSH FRPSRQHQW LQ UHOHYDQW VWDQGDUG EXW WKHUH¶V QR URXQGQHVV GHYLDWLRQ
UHTXLUHPHQWIRUWKHPLGGOHSDUWRIWKHHOERZ6RWKHUHVKRXOGKDYHEHHQ  T DQGLQWKHFLUFXPIHUHQWLDOVWUHVV
IRUPXODMXVWZKHQ q D DQG VLQ  D %XWQRZ VLQ |D LQDOOFDVHVZLWKRXWGLVWLQJXLVKLQJDQGWKDWLVRQHRI
WKHHUURUV
&RQFOXVLRQV
 6WUHVV DQDO\WLFDO IRUPXODV YDOXH DQG WHVWLQJ VWUHVV PHDVXUHPHQW UHVXOW XQGHU LQWHUQDO SUHVVXUH DUH QRW LQ
FRPSOLDQFH7KH$QDO\WLFIRUPXODVYDOXHLVDSSDUHQWO\ODUJHUVRWKDWLWLVFRQVHUYDWLYHWREHDSSOLHGLQHQJLQHHULQJ
7KLV HUURU PDLQO\ UHVXOWHG IURP WKH WRWDO VWUHVV IURP WKLQ ZDOO PHPEUDQH DQDO\VLV RI WKH IRUPXOD DQG PRPHQW
UHDFWLRQRI WKH DFWXDOPHDVXUHPHQW7KLVPRPHQWPDLQO\ UHVXOWV IURP WKH VKHOO WKLFNQHVV DQG WKHGLVV\PPHWULFDO
ELK\SHUEROLFDOVKHOOLWVPDWKHPDWLFFDOFXODWLRQLVH[WUHPHO\FRPSOLFDWHGVRWKDWLWVFRPSOHWHVWUHVVDQDO\VLVLVVWLOO
H[SHFWLQJVFKRODUVZKRDUHLQWHUHVWHGLQLW 
%DVHGRQWKHFLUFXPIHUHQWLDOVWUHVVIRUPXODRI WKHGDQJHUFURVVVHFWLRQRI WKHUHGXFHUHOERZXQGHU LQWHUQDO
SUHVVXUHVWUHQJWKFDOFXODWLRQIRUPXODRIZDOOWKLFNQHVVLVLQGXFHGGLUHFWO\7HVWLQJUHVXOWVKRZVWKDWZDOOWKLFNQHVV


















'LIIHUHQFH %HWZHHQ )ODQNH[WUDGRV DQG )ODQNLQWUDGRV RI /RRS 8QGHU ,QWHUQDO 3UHVVXUH 3URFHHGLQJV RI WKH 6HYHQWHHQWK 1DWLRQDO
&RQIHUHQFHRQ6WUXFWXUDO(QJLQHHULQJ,Q&KLQHVH
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>@ &KHQ 6XQ\L /LX &HQJGLDQ &KHQ -LQ +H /XZX 7KH )RUFH 'LIIHUHQFH DQG LWV 0HULGLDQ (TXLPRPHQW ,QGXFH E\ WKH ,QVLGH 6XUIDFH
'LIIHUHQFH %HWZHHQ )ODQNH[WUDGRV DQG )ODQNLQWUDGRV RI /RRS 8QGHU ,QWHUQDO 3UHVVXUHˈ3UHVVXUH YHVVHO WHFKQRORJ\ˈˈ
,Q&KLQHVH
